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Description 
Electromanipulation Device and Method 

Background of Invention 

[0001] FIELD OF INVENTION 

[0002] This invention relates to devices and methods for deliver- 
ing a molecule into a tissue, and more particularly in the 
field of electroporation and electromigration. 

[0003] PRIORITY CLAIM 

[0004] jhe present application is a U.S. National Stage applica- 
tion claiming the benefit of prior filed International Appli- 
cation, Serial Number PCT/US02/07637, filed March 13, 
2002 which International Application claims a priority date 
of March 13, 2001 based on prior filed U.S. Provisional 
Application Serial No. 60/275,326. 

[0005] BACKGROUND OF THE INVENTION 

[0006] jhe exposure of cells to intense electric fields for brief 

periods of time temporarily destabilizes membranes. This 
effect has been described as a dielectric breakdown due 



to an induced transmembrane potential, and was termed 
"electroporation", or "electropermeabilization", because it 
was observed that molecules that do not normally pass 
through the membrane gain intracellular access after the 
cells were treated with electric fields. The porated state 
was noted to be temporary. Typically, cells remain in a 
destabilized state on the order of minutes after electrical 
treatment ceases. 

[0007] various devices and methods for achieving electropora- 
tion have been described, including those of a subset of 
the present inventors (U.S. Pat. Nos. 6,135,990) and that 
of Weaver (U.S. Pat. No. 5,983,131). 

[0008] Present devices and methods are relatively large-scale, 
occurring over centimeters, with electrodes placed in a 
fixed configuration. Two basic electrode types are cur- 
rently known by those in the art. A first type comprises 
two flat parallel plates. A second type is formed of two in- 
sertable needles. Flat plates are limited in their use as lit- 
tle control over the depth of electric field penetration into 
tissue is achieved. The two-needle system is also limited 
as the total volume of tissue treatable with this type of ar- 
ray is limited to a narrow rectangle of tissue between the 
two needles. Furthermore, needle electrodes are adapted 



to deliver peak power in the kilowatt range across elec- 
trode pairs separated by relatively large distances. 

[0009] Accordingly, what is needed in the art is an electropora- 
tion device that utilizes lower levels of activation energy 
to minimize tissue damage and patient discomfort. 

[0010] There is another need in the art for an electroporation de- 
vice that conforms to three-dimensional in vivo tissue 
structures. 

[0011] There is another need in the art for an electroporation de- 
vice able to perform electromigration of molecules 
wherein they are coincident to the target tissue. 

[0012] it j Sj therefore, to the effective resolution of the afore- 
mentioned problems and shortcomings of the prior art 
that the present invention is directed. 

[0013] However, in view of the prior art in at the time the present 
invention was made, it was not obvious to those of ordi- 
nary skill in the pertinent art how the identified needs 

could be fulfilled. 
Summary of Invention 

[0014] | t j S an object of the present invention to provide a device 
and method for achieving molecular delivery into a target 
tissue. 

[0015] n is another object to provide such a device and method 



that facilitates electroporation with a lower applied power 
than those used in previously known techniques. 

[0016] it is another object to provide such a device and method 
that facilitates electroporation with a lower applied volt- 
age than those used in previously known techniques. 

[0017] | t j S another object to provide such a device and method 
that incorporates a reservoir for supplying chemical 
species for molecular movement and/or delivery. 

[0018] it is a further object to provide such a device and method 
that is conformable to a plurality of target tissues. 

[0019] These and other objects are achieved with the present in- 
vention. The device comprises an array base having a 
substantially flexible distal face, the distal face adapted to 
be positioned adjacent a target tissue. A plurality of dis- 
crete electrodes are affixed in spaced relation about the 
array base. Each electrode is in circuit communication with 
a respective portion of a source of electrical energy and is 
so positioned with respect to the array base that it can es- 
tablish an electric field in vivo between itself and other 
selected electrodes sufficient to cause transient perme- 
ability of a cell membrane within the target tissue. 

[0020] The various embodiments of the device permits the user 
to employ a decreased excitation force to accomplish in 



vivo electroporation and/or electromigration. The plurality 
of electrodes and the programmability of their excitation 
pattern permits the user to control the density of interac- 
tion between the force and the target tissue. The flexibil- 
ity of the array base's distal face provides an effective 
coupling to the target tissue, whether in a two- or three- 
dimensional configuration. Even tubular structures can be 
accommodated with an array base that can be wrapped 
around them or inserted inside them. In addition, volu- 
metric covered surfaces can be created by wrapping an 
array base around the surface of an inflated or inflatable 
balloon like substrate. 

[0021] The plurality of electrode elements as arranged within or 
on the array base are connected via wiring to accept an- 
odic, cathodic, and/or ground signals such that electro- 
poration can be effected by the electric field created by 
applied voltage waveforms as presented to the in vivo tar- 
get tissue by these addressable array elements. 

[0022] The present invention comprises a device for electroma- 
nipulation of chemical species in vivo relative to a target 
tissue. Electromanipulation should be construed to in- 
clude both electroporation and electromigration. An array 
base adapted to be placed coincident to the target tissue 



is provided with a plurality of electrode elements secured 
in spaced art relation on the array base. The electrode el- 
ements comprise various anodes and cathodes on top of, 
or imbedded into the array base. The electrode elements 
may project from the array base towards the target tissue, 
or may be integral to the base. Preferably, the array base 
if formed of a nonconductive, conformable substrate 
adaptable to the topography of the tissue under in vivo 
treatment. Alternatively, the array base may be of sub- 
stantially rigid construction provided it is formed with a 
geometric shape adapted to facilitate contact between the 
electrodes and a corresponding target tissue. An electrical 
source is coupled to the plurality of electrodes wherein 
the electrode elements, either individually, or as a group, 
are addressable by the electrical source. In a preferred 
embodiment of the invention, the electrode elements are 
spaced together in sufficient proximity to insure that that 
a peak power of less than 1 kilowatt is needed for electro- 
manipulation of the target tissue. An embodiment of the 
invention may include an electrical source integral to the 
array base. 

[0023] one or more fluid reservoirs adapted to deliver chemical 
species to the target tissue may be provided with at least 



one micro plunger. At least one porous electrode element 
capping the at least one micro plunger may also be pro- 
vided whereby chemical species held with the at least one 
micro plunger are released through the at least one 
porous electrode element to the target tissue. Alterna- 
tively, at least one external reservoir adapted to hold 
chemical species may be provided and at least one con- 
duit fluidly coupling the at least one reservoir to the array 
base established whereby the chemical species are deliv- 
ered through the at least one conduit to the array base for 
delivery to the target tissue. 
[0024] a thin film of chemical species on the array base may also 
be established whereby the chemical species are delivered 
to the target tissue when the array base is coincident to 
the target tissue. The chemical species may be retained 
within the thin film by absorption means and released 
from the thin film by application of an energy means in- 
cluding, but not limited to, voltaic, sonic or photonic 
sources. A control means is interposed between the elec- 
trical source and the plurality of electrode elements and in 
circuit communication therein, the control means is 
adapted to establish an electrical potential between at 
least two electrodes and a delivery means adapted to in- 



troduce chemical species to the target tissue. 
[0025] | n association with the novel device, a method of use for 
electromanipulation of chemical species in vivo relative to 
a target tissue includes the steps of placing at least one 
array base coincident to a target tissue, the at least one 
array base containing a plurality of electrode elements, 
establishing an electrical potential between at least two 
electrode elements in the plurality of electrode elements, 
providing a chemical species coincident to the target tis- 
sue, and controlling the electrical potential whereby the 
chemical species are delivered to the target tissue. The 
electrical potential may effect electromigration of the 
chemical species to the target tissue, the electroporation 
of the target tissue, or may effect both in substantially 
concurrent synchronization. A predetermined sequence of 
electrical potentials is established for the plurality of elec- 
trode elements and the predetermined sequence is then 
executed. 

[0026] An alternative embodiment of the invention includes a 
method for combining at least two distinct of chemical 
species in vivo relative to a target tissue including the 
steps of placing at least one array base coincident to a 
target tissue, the at least one array base containing a plu- 



rality of electrode elements, establishing a first chemical 
staging location, establishing a second chemical staging 
location, establishing a chemical reaction location, intro- 
ducing a first chemical species to the first chemical stag- 
ing location, introducing a second chemical species to the 
second chemical staging location, establishing an electri- 
cal potential between at least two electrode elements in 
the plurality of electrode elements, and controlling the 
electrical potential to migrate the first and second chemi- 
cal species towards the chemical reaction location. The 
electrical potential may effect an oxidation reaction on the 
first chemical species, the second chemical species, and/ 
or a combination thereof. Once the first and second 
chemical species are moved to the chemical reaction loca- 
tion, they may be further electromigrated to the target 
tissue. 

[0027] it j S to be understood that both the foregoing general de- 
scription and the following detailed description are ex- 
planatory and are not restrictive of the invention as 
claimed. The accompanying drawings, which are incorpo- 
rated in and constitute part of the specification, illustrate 
embodiments of the present invention and together with 
the general description, serve to explain principles of the 



present invention. 
[0028] These and other important objects, advantages, and fea- 
tures of the invention will become clear as this description 
proceeds. 

[0029] The invention accordingly comprises the features of con- 
struction, combination of elements, and arrangement of 
parts that will be exemplified in the description set forth 
hereinafter and the scope of the invention will be indi- 
cated in the claims. 
Brief Description of Drawings 

[0030] For a fuller understanding of the nature and objects of the 
invention, reference should be made to the following de- 
tailed description, taken in connection with the accompa- 
nying drawings, in which: 

[0031] FIG. 1 is a diagrammatic view of the invention. 

[0032] FIG. 2 is a diagrammatic view of an alternative embodi- 
ment of the invention employing a thin film of chemical 
species. 

[0033] FIG. 3 is a diagrammatic view of a method of the invention 
for migrating at least two chemical species to a reaction 
location. 

[0034] FIG. 4 is a diagrammatic view of the general method of the 



invention. 

[0035] FIG. 5 is a diagrammatic view of an alternative embodi- 
ment of the invention. 
Detailed Description 

[0036] a description of the preferred embodiments of the 

present invention will now be presented with reference to 
Figs. 1, 2, and 3. 

[0037] a first embodiment of the device 10 (Fig. 1) comprises an 
array base 12 that has a flexible distal face 13 for con- 
forming to a target tissue T. The target tissue may com- 
prise, for example, skin, an internal organ, or a tumor. Af- 
fixed to the base 12 is a plurality of electrodes, compris- 
ing cathodes 14 and anodes 15, each having a distal por- 
tion protruding from the base 12 for contacting the tissue 
T. Each of the electrodes 14,15 is electrically coupled with 
a voltage and/or current source S by way of a conducting 
means 16. Preferably the source S comprises a pro- 
grammable source so that a desired pattern of activation 
may be effected, such as, but not limited to, a D/A array 
(Analog Devices, Inc.), a commercially available power 
supply (WaveTek, HP, Tektronics, etc.), or a commercially 
available dedicated electroporation power supply 
(Genetronics, BioRad, etc.) 



[0038] ^ w i|| be appreciated by one of skill in the art that numer- 
ous arrangements of the electrodes 14,15 may be con- 
templated. For example, substantially flat electrodes may 
be affixed to the array base's distal face 13 as shown in 
Fig. 1. Alternatively, the electrodes 14,15 may be embed- 
ded in the array base 12 in a three-dimensional pattern, 
so long as the activating portion of the electrode is suffi- 
ciently close to the distal face 13 that an applied energy 
may penetrate to the target tissue T to perform a desired 
activation. 

[0039] since a multiplicity of electrode elements may be involved, 
electric fields are typically applied by electrodes in oppo- 
site groups of positive polarity (+) and negative polarity 
(-) in a manner that is approximately simultaneous. A 
group is a collection of one or more electrodes with each 
electrode in the group having substantially similar electri- 
cal potential at a time that is approximately simultaneous. 
In addition, electrodes can be activated in groups such 
that a group comprising (+) electrodes is opposite to an 
group comprising grounds and/or a group comprising (-) 
electrodes is opposite to a group comprising grounds. 
Combinations of these positive polarity, negative polarity, 
and/or ground groups are anticipated. For example, three 



groups of electrodes in an array might be connected such 
that ,one group is (+), a second group is (-) and a third 
group is at ground potential. In addition, it is not neces- 
sary to have all three types of groups, (+), (-), and 
ground, active at any time; the minimum requirement is 
that any two types of groups must be active at approxi- 
mately the same time. 

[0040] |f there are equal numbers of electrodes in each group, for 
example a group with at least one positive electrode op- 
posed to a group containing an equal number of negative 
electrodes, thus defining an equal sum or what may be 
termed an "equal pair" situation. One example of an equal 
pair configuration might be a two group embodiment in 
which a group of 6 (+) electrodes opposed to a group 
containing 6 electrodes at ground potential. Other equal 
pair configurations between two groups are possible. 

[0041] Combinations that do not represent equal pairs can may 
be envisioned by those of ordinary skill in the art. A first 
embodiment may include unequal sums of the electrodes 
in each group; e.g., 4 (+) electrodes are opposed to 3 (-) 
electrode, 3 (+) electrodes are opposed to 4 (-) elec- 
trodes, 7 (+) electrodes are opposed to 15 ground elec- 
trodes, and 2 (-) electrodes are opposite to 1 ground 



electrode. Thus, when the sum of the electrodes in each 
group are not equal they are considered to be defined as 
unequal pairs. 

[0042] Furthermore, a configuration consisting of more than two 
opposing groups of electrodes is possible. For example, it 
may be desirable to selectively apply a different voltage 
with a predetermined pattern in a manner that is approxi- 
mately simultaneous. Exemplary permutations may in- 
clude a group of three electrodes with applied voltage, V- 
1, a group of four electrodes with an applied voltage V-2, 
and a group of two electrodes with an applied voltage, V- 
3, wherein the voltage values are substantially different. 
The definitions "equal pairs" and "unequal pairs" still ap- 
ply. In this example, when more than two groups of elec- 
trodes are utilized, these definitions are simply extended 
so that if there is at least one group with a unique sum of 
electrodes the configuration is identified as an unequal 
pair situation. 

[0043] it is further envisioned that the electrode elements can be 
addressed independently or in what is termed a set. A set 
is any collection of electrode elements that have the same 
address. An address for a set can be achieved either by 
applying the same address to independent electrode ele- 



merits or by connecting separate electrode elements to- 
gether so that they are all accessed by a single address 
signal. 

[0044] since a multiplicity of electrode elements 14,15 may be 
provided, limited only by geometric constraints, a precise 
tailoring of field patterns (pulse shape, height, strength, 
etc.) may be achieved, allowing an application of a desired 
electric field with accurate control of the applied voltage 
and/or current. The materials and flexible array base dis- 
tal face 13 also permits a geometry that , allows a peak 
power less than 1 kW to be used to achieve electropora- 
tion. Such lower levels of activation energy minimize elec- 
trically induced tissue damage and may reduce or elimi- 
nate pain to the patient that can be associated with an 
electrical field. 

[0045] it w i|| also be appreciated by one of skill in the art that the 
array base 12 may take any of a number of configurations. 
An exemplary array base 12 comprises a substantially 
planar structure that may be laid upon a surface of a tar- 
get tissue T. Another comprises a tape-like structure that 
may be placed in surrounding relation to a tube-like tis- 
sue T such as, but not limited to, a vessel, nerve, or gas- 
trointestinal component. A third comprises an array struc- 



ture that is wrapped around a balloon like substrate and 
inserted within the treatment tissue site so that the bal- 
loon and structure can expand and conform to the inner 
margin of the treatment site. It is also envisioned that the 
extent of expansion may vary with respect to treatment 
time and duration. 

[0046] a particular arrangement comprises a ball grid array of 

electrodes mounted on a flexible polymer having a density 
of addressable cathodic or anodic elements of 125 
um(micrometer) in the X and Y axis, providing an array 
density of 64 elements per mm 2 . 

[0047] The electrode elements 14,15 in a particular embodiment 
comprise a conductive material compatible with the in- 
tended in-vivo and or in-vitro application. Exemplary ma- 
terials may include, but are not intended to be limited to, 
gold, titanium, titanium nitride, and a conductive polymer. 
The array base 12 may comprise a material such as KAP- 
TON (MYLAR), paralyene, or a silicon-based material. 

[0048] The device 10 may also be implanted in a tissue or body 
to permit repeated, programmed time or metabolic prod- 
uct release-driven responses. The device 10 may also be 
implanted with its own self-contained low power energy 
source. The electrode elements 14,15 may be adapted to 



emit photonic, sonic, and/or magnetic energy separately 
or in combination with electrical energy. 

[0049] Energizing the electrode elements is achieved via conduits 
16 that are coupled to individual electrode elements and 
are independently addressable in independent or aggre- 
gate relation. Desired conduit groupings are created by 
physical connections either interior or exterior to the de- 
vice or by sending identical signals to specific groups of 
individually addressed conduits. The specific addressing 
of conduits or groups of conduits is accomplished by em- 
ploying I/O software commands with the appropriate digi- 
tal to analog interface devices or by the construction of a 
specific pattern of conductive contacts that can be en- 
gaged with the conduit pattern presented to the energy 
source S at the periphery of the device. 

[0050] The device 10 may also comprise an element for introduc- 
ing a desired substance into or adjacent the target tissue 
T. Such an element may comprise, for example, a micro 
plunger 17 having a lumen 18 through which a substance 
may be forced toward the base's distal face 13. A plurality 
of micro plungers may be provided, interspersed among 
the electrode elements 14,15. Alternatively, micro 
plungers 17 may be constructed with a porous electrode 



19 that also serves as a lid on the distal end of the micro 
plunger cavity thus allowing fluid to pass to the treatment 
area. 

[0051] other embodiments include ball grid arrays affixed to a 
flexible tape that may be integrated into a catheter or 
other support structures. Ball grid arrays have a variety of 
ball densities and dimensions; thus, a variety of embodi- 
ments using various electrode configurations and elec- 
trode number densities is envisioned. 

[0052] An additional embodiment of the device 20 (Fig. 2) a thin 
film 21 of the molecule desired to be delivered is applied 
to the base array's distal face 22. This permits the 
molecule to be positioned at the delivery site without the 
need for systemic or local introduction of the molecules 
by injection or other means. 

[0053] a further embodiment of the device is a method for deliv- 
ering one or more different chemical species 
(alternatively, different molecules or compounds devel- 
oped from inorganic, organic, biochemical, in vitro, and/ 
or in vivo synthesis) to a tissue T (Figs. 1 and 2). This 
method comprises the steps of introducing a substance 
containing the molecule to an area in or adjacent to the 
target tissue T. A device such as device 10 is placed gen- 



erally adjacent but in nonpenetrating fashion to a target 
tissue T, and electrode elements are used to apply electric 
fields to the tissue. The purpose of these applied fields is 
to cause electromigration of the desired molecules in the 
tissue; the purpose of these applied fields can also be to 
cause electroporation of the cells within the tissue. Fields 
that cause both electromigration and electroporation can 
be useful for distributing molecules within the tissue, per- 
meabilizing the cell membranes, and moving molecules 
into permeabilized cells. 
[0054] yet another embodiment of this device (Fig. 3) is for 

bringing two types of molecules M-l and M-2 into appo- 
sition within a target tissue T at a desired site C for per- 
mitting a reaction therebetween, as in multi component 
labile systems, or a "cell bomb". This method comprises 
the steps of introducing a substance containing a first 
molecule type M-l into a first region adjacent the target 
tissue T and/or into a first region A within the target tis- 
sue T but adjacent to the desired target tissue site C and 
introducing a substance containing a second molecule M- 
2 into a second region adjacent the target tissue T and/or 
into a second region B within the target tissue T but adja- 
cent the target tissue site C. 



[0055] N ex t an electromigration of the first molecule M-l and 
the second molecule M-2 is caused to a third region C 
within the target tissue T. The electromigration is caused 
by the application of energy from at least two electrode 
elements placed against a surface generally adjacent but 
in nonpenetrating fashion to a target tissue. The third re- 
gion C may actually comprise the first region A or the sec- 
ond region B, or another region distinct therefrom. The 
first molecule M-l and the second molecule M-2 are then 
permitted to react at the third region C. 

[0056] it is also envisioned that there could be more than two 
types of molecules drawn into the desired region in the 
target tissue in the same time frame by the disclosed de- 
vice. Thus, the various molecule types that enter the tar- 
get tissue region may behave as precursors for a desired 
reaction, reactants, or molecules that facilitate the biolog- 
ical intended affect of the reaction products. Such facilita- 
tion includes but is not limited to reaction equilibrium 
shift and molecular transport agents as well as alteration 
of any reaction product to facilitate its entry into a desired 
biochemical pathway and cycle. Alterations of a reaction 
production may also be accomplished by the disclosed 
device moving molecules into the target tissue T or target 



tissue site C some time or times after the desired reaction 
at site C has occurred. The timing and movement of such 
molecules accomplished by the disclosed device is depen- 
dent on the desired interaction with the pathway or cycle 
in question. 

[0057] Numerous other ways of practicing the invention de- 
scribed in this application are possible. These include, but 
are not limited to using the described devices to cause: (1) 
electromigration, electroporation, and then electromigra- 
tion again; (2) electromigration, followed by electropora- 
tion; (3) electroporation, followed by electromigration; (4) 
electroporation alone; (5) electromigration alone; (6) elec- 
tromigration from a plurality of sides, either alone or (7) 
in combination with electroporation, either (8) before the 
electromigration or (9) after the electromigration or (10) 
simultaneously. 

[0058] | n addition, by using the instant devices as described 

above it is possible to perform electromigration as well as 
electroporation using the same electrodes or, alternately, 
different electrodes. As known by those of ordinary skill in 
the art, the magnitude and duration of the electric fields 
required to achieve the desired effect is dependent on the 
particular combination of molecule and tissue under in- 



vestigation; therefore, the electric field magnitudes and 
durations may be equal or variable for inducing the mi- 
gration of molecules and the electroporation of cells 
within tissues. 

[0059] it may be appreciated by one skilled in the art that addi- 
tional embodiments may be contemplated, including dif- 
ferent electrode configurations adapted to provide high 
and low level fields for causing electromanipulation. A de- 
vice configured to produce an electromagnetic field in vivo 
preferably has the following properties (1) the portion of 
the device that comes in contact with body tissue or fluid 
is made of biocompatible materials; (2) the electrodes are 
capable delivering the power required for electromanipu- 
lation of living cells in vivo in an electrolyte which may in- 
clude the tissue being treated, interstitial fluid, injected 
material at the treatment site, material applied to the tar- 
get tissue, and combinations of the foregoing, and (3) the 
material between the electrodes will have a sufficient di- 
electric constant so that it does not break down as a result 
of nearby electrodes possessing opposite polarity during 
electrical treatment. Moreover, it will be apparent to those 
skilled in the art that where an electrode or system is con- 
figured to perform both electromigration and electropora- 



tion, such an electrode or system may be used to perform 
either or both functions. 

[0060] | n pig. 4, an array base is placed coincident to the target 
tissue 100. An electrical potential is established between 
electrode elements 110 and a chemical species is pro- 
vided coincident to the target tissue 120. The electrical 
potential of the electrode elements is controlled to deliver 
the chemical species to the target tissue 130 by electro- 
migration 140, electroporation 150 or a combination 
thereof. Fig. 5 illustrates a microelectrode 160 formed of 
a plurality of discrete electrodes 170 comprising the array. 
A microwire 180 circuitly coupled to each discrete elec- 
trode 170 is coupled to a computing means 190. The 
computing means is preferably a personal computer con- 
figured with an A/D input/output card. The microelec- 
trode 160 may be placed on the tip of tweezer-type in- 
struments wherein highly precise electromigration and/or 
electroporation may be achieved in vivo. 

[0061] it w i|| be seen that the objects set forth above, and those 
made apparent from the foregoing description, are effi- 
ciently attained and since certain changes may be made in 
the above construction without departing from the scope 
of the invention, it is intended that all matters contained 



in the foregoing description or shown in the accompany- 
ing drawings shall be interpreted as illustrative and not in 
a limiting sense. 
[0062] | t j S a | so t0 De understood that the following claims are 
intended to cover all of the generic and specific features 
of the invention herein described, and all statements of 
the scope of the invention which, as a matter of language, 
might be said to fall therebetween. Now that the invention 
has been described, 



